second and the third species described were Asaia siamensis Katsura et al. 2001 and Asaia krungthepensis Yukphan et al. 2004 , three species are in total reported (Katsura et al., 2001; Yamada et al., 2000; Yukphan et al., 2004c) . The species assigned to the genus Asaia were characterized phenotypically by no oxidation or very weak oxidation of ethanol to acetic acid and by no growth in the presence of 0.35% (w/v) acetic acid.
For the species-level identification and classification of acetic acid bacteria, including strains assigned to the genus Asaia, phenotypic characteristics such as acid production from sugars and sugar alcohols and assimilation of carbon compounds are generally utilized (Asai et al., 1964; Katsura et al., 2001; Lisdiyanti et al., 2002; Yamada et al., 1976 Yamada et al., , 1999 Yamada et al., , 2000 Yukphan et al., 2004c, d) . However, data obtained by phenotypic characterization are not only difficult but also very often inaccurate. The phenotypic characteristics obtained are sometimes unreliable. On the other Identification of strains assigned to the genus Asaia Yamada et al. 2000 based on restriction analysis of 16S-23S rDNA internal transcribed spacer regions hand, DNA-DNA hybridization was required for a decisive criterion in the species-level classification and identification of Asaia strains (Katsura et al., 2001; Yamada et al., 2000; Yukphan et al., 2004c) . However, this technique is laborious and impossible to construct databases. During the course of studies on diversity of acetic acid bacteria in Thailand, we isolated a number of acetic acid bacteria from flowers collected in Bangkok, Thailand. Most of the isolates were phenotypically identified as Asaia species at the genus level. However, the species-level identification of the isolates has not yet been completed, because of the difficulty and unreliability of phenotypic characterization.
In previous papers, we reported, as the first model, that restriction analysis of 16S-23S rDNA internal transcribed spacer (ITS) regions was applicable to the species-level identification and classification of Gluconobacter strains (Malimas et al., 2006; Yukphan et al., 2004a, b, d) . This study aims to identify, as the second model, representative strains isolated from Thai sources and assigned phenotypically to the genus Asaia at the species level on the basis of restriction analysis of 16S-23S rDNA ITS regions.
Thirteen representative strains were examined in this study (Table 1) ) were used for reference strains. The 13 representative strains were sequenced for 16S-23S rDNA ITS regions by the modified method of Trček and Teuber (2002) , as described previously (Yukphan et al., 2004a, b Table 2 ). For example, restriction endonuclease TaqI cut the 16S-23S rDNA ITS regions of the type strains of the three known Asaia species mentioned above respectively at 3, 2, and 1 sites. On the other hand, restriction endonuclease BstNI (ϭMvaI) cut respectively at 2, 1, and 3 sites. The purified 16S-23S rDNA ITS PCR products obtained above for the sequencing were digested with the following two restriction endonucleases, TaqI (Fermentas, Hanover, Maryland, USA) and MvaI (Fermentas;ϭBstNI). As shown in Fig. 1 , the restriction fragments resulting from digestion with restriction endonucleases TaqI and MvaI coincided in their sizes and their numbers with those calculated theoretically ( Table 2 ). The type strains of the three known Asaia species, i.e., Asaia bogorensis, Asaia siamensis, and Asaia krungthepensis, gave their own restriction patterns: the A. bogorensis type, the A. siamensis type, and the A. krungthepensis type of patterns respectively. The A. bogorensis type, the A. siamensis type, or the A. krungthepensis type of patterns was shown in the 13 representative strains except for two strains. The exceptional two strains, BCC 15641 (ϭAA01) and BCC 15703 (ϭ AB40) represented a different kind of restriction patterns, which was designated as the unidentified a type of patterns (Table 1) . On digestion with restriction endonuclease MvaI, all the 13 representative strains showed the A. bogorensis type, the A. siamensis type, or the A. krungthepensis type of patterns with two exceptions (Fig. 1) . The exceptional two strains, BCC 15641 (ϭAA01) and BCC 15703 (ϭAB40) represented a different kind of restriction patterns, which was designated as the unidentified b type of patterns (Table 1) .
Pair-wise sequence similarities (%) in 16S-23S rDNA ITS sequences were calculated. The calculated pair-wise sequence similarities between Asaia bo- 192, 188, 94, 89, 66, 202, 193, 94, 66, 60, 44, 203, 193, 94, 89, 60, 43, 26, 9, 7, 6, 5, 5 44, 43, 27, 7, 5, 5 60, 43, 40, 7, 5, 5 Multiple alignments of the 16S-23S rDNA ITS sequences obtained were made, and distance matrices for the aligned sequences were calculated, as described previously (Yukphan et al., 2004a, b) . Comparison of the aligned sequences was made for 683 bases in constructing a phylogenetic tree by the neighbor-joining method of Saitou and Nei (1987) . Robustness for individual branches was estimated by bootstrapping with 1,000 replications (Felsenstein, 1985) .
The type strains of the three known Asaia species, i.e., Asaia bogorensis BCC 12264 T , Asaia siamensis BCC 12268 T , and Asaia krungthepensis BCC 12978 T , constituted separate and independent clusters from one another in a phylogenetic tree based on 16S-23S rDNA ITS sequences (the 16S-23S rDNA ITS tree) (Fig. 2) . However, the 13 representative strains examined gave very complicated topology beyond the specific level. Strains BCC 15664 (ϭAA38) and BCC 15696 (ϭAB30) were located in Cluster A, along with the type strain of Asaia bogorensis. Strains BCC 15704 (ϭAB41) and BCC 15713 (ϭAB73) were included in Cluster E, which appeared to be related to Cluster C of the type strain of Asaia krungthepensis. The other nine strains constituted their own four clusters, designated as Cluster D, Cluster F, Cluster G, and Cluster H. In Cluster B, there was no strain except for the type strain of Asaia siamensis.
Extraction and isolation of bacterial DNAs and DNA-DNA hybridization were done as described previously (Yukphan et al., 2004c (Yukphan et al., , d, 2005 . Isolated, singlestranded, and labeled DNAs were hybridized with DNAs from test strains in 2ϫ SSC and 50% formamide at 48.0°C for 15 h. DNA-DNA similarity (%) was determined by the colorimetric method (Verlander, 1992) .
When DNAs from the 13 representative strains were hybridized with labeled DNAs from the type strains of In combination with the resulting restriction patterns with the two restriction endonucleases, TaqI and MvaI (ϭBstNI), the 13 representative strains examined and the type strains of the three known Asaia species were grouped into the following six groups (Table 1) .
Group I was composed of the type strain of A. bogorensis, which showed the A. bogorensis types of patterns with TaqI and MvaI. Four strains, BCC 15661 (ϭAA35), BCC 15669 (ϭAA44), BCC 15711 (ϭAB58), and BCC 15806 (ϭAC73) were accommodated in Group I. These four strains were distributed in Cluster D and Cluster G in the 16S-23S rDNA ITS tree (Fig.  2) , and showed high DNA-DNA similarities of 96-90% to the type strain of Asaia bogorensis. Therefore, members of Group I were unequivocally identified as Asaia bogorensis.
Group II was composed of the type strain of Asaia siamensis, which showed the A. siamensis types of patterns with TaqI and MvaI, and constituted Cluster B or the A. siamensis cluster. However, there was no strain that had only the A. siamensis types of patterns in the 13 representative strains. Therefore, members of Group II were to be identified as Asaia siamensis.
Group III was composed of the type strain of Asaia krungthepensis, which showed the A. krungthepensiss types of patterns with TaqI and MvaI. Two strains, BCC 15704 (ϭAB41) and BCC 15713 (ϭAB73) were included in Group III. These two strains were distributed in Cluster E (Fig. 2) and showed high DNA-DNA similarities of 97 and 97% to the type strain of Asaia Identification of Asaia strains 59 Fig. 2 . A phylogenetic tree based on 16S-23S rDNA ITS sequences for 13 representative strains assigned to the genus Asaia.
The phylogenetic tree was constructed by the neighbor-joining method. Abbreviations: A., Asaia; G., Gluconobacter. krungthepensis. Therefore, members of Group III were unequivocally identified as Asaia krungthepensis. Group IV was composed of strains, which showed the A. bogorensis type and the A. siamensis type of patterns respectively with TaqI and MvaI. Three strains, BCC 15664 (ϭAA38), BCC 15696 (ϭAB30), and BCC 15725 (ϭAB82) were included in Group IV. Of the three, two strains, BCC 15664 (ϭAA38) and BCC 15696 (ϭAB30) were distributed in Cluster A or the A. bogorensis cluster, and one strain BCC 15725 (ϭAB82) was in Cluster D (Fig. 2) . These three strains showed high DNA-DNA similarities of 96-91% to the type strain of Asaia bogorensis. Therefore, members of Group IV were unequivocally identified as Asaia bogorensis.
Group V was composed of strains which showed the A. siamensis type and the A. bogorensis type of patterns respectively with TaqI and MvaI. Two strains, BCC 15670 (ϭAA49) and BCC 15681 (ϭAA98) were included in Group V. These two strains were distributed in Cluster H (Fig. 2) , and showed high DNA-DNA similarities of 95-92% to the type strain of Asaia siamensis. Therefore, members of Group V were unequivocally identified as Asaia siamensis.
Group VI was composed of strains which showed the unidentified a type and the unidentified b type of patterns respectively with TaqI and MvaI. Two strains, BCC 15641 (ϭAA01) and BCC 15703 (ϭAB40), were included in Group VI. These two strains were distributed respectively in Cluster F and Cluster D (Fig. 2) , and showed high DNA-DNA similarities of 91-74% to the type strain of Asaia bogorensis. Therefore, members of Group VI were unequivocally identified as Asaia bogorensis. The results obtained indicated that the restriction analysis mentioned above is useful for the species-level identification and classification of Asaia strains, since a single species was only recognized in each group without any exception.
It is of interest that strains BCC 15641 (ϭAA01) of Group VI and Cluster F and BCC 15703 (AB40) of Group VI and Cluster D, all of which were similar in the number of bases (respectively 737 and 738 bases) to the type strain of Asaia krungthepensis (739 bases), showed relatively low pair-wise sequence similarities (91.2 and 91.1%) to the type strain of Asaia bogorensis and high pair-wise sequence similarities (97.8 and 98.3%) to the type strain of Asaia krungthepensis. However, the two strains gave high DNA-DNA similarities respectively of 91 and 74% to the type strain of Asaia bogorensis and low DNA-DNA similarities respectively of 50 and 30% to the type strain of Asaia krungthepensis, and were therefore identified as Asaia bogorensis. These phenomena indicated the priority of DNA-DNA similarity over pair-wise sequence similarity in 16S-23S rDNA ITS sequences in the species-level identification and classification.
The 13 representative strains gave six groups in the restriction analysis by use of the two restriction endonucleases, TaqI and MvaI as well as eight clusters in the 16S-23S rDNA ITS tree, along with the type strains of the three known Asaia species, i.e., Asaia bogorensis, Asaia siamensis, and Asaia krungthepensis. These phenomena contained the following two problems: 1) The six groups and the eight clusters obtained were too many for the only three known Asaia species, especially when only two restriction endonucleases were used; 2) The numbers of the groups and the clusters obtained above did not coincide with each other.
The 16S-23S rDNA ITS sequences of the 13 representative strains in the genus Asaia appeared to be abnormally variable, as contrasted with those in the genus Gluconobacter, which showed three clusters that were correlated well to the three known Gluconobacter species, i.e., Gluconobacter oxydans, Gluconobacter cerinus, and Gluconobacter frateurii (Yukphan et al., 2004a, b) . In addition, the phylogenetic branches found in the 16S-23S rDNA ITS tree of the strains in the three known Asaia species were abnormally short, when compared with those of Gluconobacter species (Yukphan et al., 2005) . These abnormalities are assumed to exhibit the abnormally vague 16S-23S rDNA ITS phylogenetic tree shown in this study, in which the 13 representative strains identified as the three known Asaia species were randomly distributed beyond the specific level.
By digestion with the two restriction endonucleases, TaqI and MvaI, the 13 representative strains were grouped into six groups. These numbers in grouping were not consistent with those in clustering, which showed eight clusters in the 16S-23S rDNA ITS tree. One example was previously reported, in which the number of groups and the number of clusters coincided with each other using six restriction endonucleases, in strains once assigned to Gluconobacter frateurii (Malimas et al., 2006) . If additional restriction endonucleases are utilized, the consistency in the number of groups and the number of clusters will be realized. However, these treatments will be practically meaningless at the specific level for identification of isolates phenotypically assigned to the genus Asaia.
Among the 13 representative strains examined, nine strains were identified as Asaia bogorensis, two strains were identified as Asaia siamensis, and the remaining two strains were identified as Asaia krungthepensis. From the results obtained above, the following conclusions can be drawn: 1) Asaia bogorensis is one of the most popular species in the genus Asaia. 2) Besides the three strains reported previously (Yukphan et al., 2004c) , two additional strains were newly isolated and identified as Asaia krungthepensis. 3) Asaia siamensis is a rather rare species in the genus Asaia, since strains accommodated in this species were only two.
When a certain isolate assigned phenotypically to the genus Asaia is, for example, identified at the species level, a 16S-23S rDNA ITS PCR product of the isolate is digested first with restriction endonuclease TaqI. At this first digestion step, the isolate that gives either the A. bogorensis type (or the unidentified a type), the A. siamensis type, or the A. krungthepensis type of patterns is recognized as a candidate to be identified respectively as Asaia bogorensis, Asaia siamensis, or Asaia krungthepensis. At the second digestion step, the restriction analysis with MvaI confirms the result obtained above, although exceptional restriction patterns may be sometimes found, as in the A. siamensis pattern of strains BCC 15664 (ϭAA38) and BCC 15696 (ϭAB30) and as in the A. bogorensis pattern of strains BCC 15670 (ϭAA49) and BCC 15681 (ϭAA98) ( Table 1) . However, these exceptional, contradictory experimental data will act as additional databases. If a restriction pattern different from the abovementioned patterns is additionally found, the isolate will be examined for a new taxon.
We isolated a number of Asaia strains from flowers collected in Bangkok as well as in other districts, Thailand. The restriction analysis of 16S-23S rDNA ITS regions is, as one of the fastest and the most accurate methods, able to identify the isolates at the species level. For example, the isolate that is assigned to one of the most popular species, Asaia bogorensis, has to be rejected for selection of candidates representing a new species or a new genus. For this purpose, the restriction analysis mentioned above will be utilized as one of the most effective tools.
